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nance frequency and only provides vibration suppression in a narrow frequency 
band. Therefore, this paper proposes a magnetic TMD with two pairs of per- 
TMD & MTMD: manent magnets on both sides of the structure, generating nonlinear repulsive 
Tuned Mass Damper; force. This makes the vibration of the magnetic TMD damping structure reli- 
Time History Analysis; able and stable in a wide frequency range under the influence of earthquakes. 
SAP2000 Matched mass dampers (TMD) are widely used to control and reduce vibra- 
tion in engineering structures such as buildings, towers, bridges, and wind 
turbines. The traditional expression of TMD is the point mass connected to the 
structure through springs and dampers. However, many TMDs differ from this 
model because multiple mass components have different amplitudes and direc- 
tions of motion. The TMDs have acquired quality. Bulk add to the increased 
inertia and additional mass, the internal TMD movement is reduced. The effec- 
tive mass of the TMD must be calculated correctly to predict the efficiency of 
the TMD and adjust the TMD correctly. The review first briefly introduced 
the detection techniques and methods used in POF sensors, focusing on the 
different advantages and limitations of the different detection schemes used. 
Because POF is easy to handle, low cost and has high tensile strength, people 
are interested in its useSome workers showed how to monitor the structure’s 
condition, especially measuring deformation, curvature, load, displacement, 
vibration and crack detection. 
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1. Introduction that it can always surpass itself, but to build a 
high tower, we need a new one. Tower to develop 


Modern people have always wanted to experience the technology. And _ the construction process, 
nature, and building huge buildings has always been which forced us to update civil engineering meth- 
a means to prove their ability to do seemingly ods. Buildings are the increasingly flexible stiffness 
impossible things. Even today, with the recent com- of high-rise buildings. Unfortunately, one of the 
pletion of the world’s tallest tower, the 828-meter- most important results of this development is natural 
high, 160 - story Burj Khalifa, humanity has proven disasters caused by earthquakes and wind. An earth- 
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quake is a natural disaster that can cause death or 
injury, damage to buildings or even destruction. And 
ultimately shorten the service life. Ground vibra- 
tion’s strong vibration can cause structural damage, 
and harsh ground conditions and foundation slip- 
page can exacerbate this damage. The main reason 
is the earthquake. Therefore, it is essential to con- 
struct earthquake-resistant structures in earthquake 
areas (Nakai et al.). The best design of each design 
considers safety, applicability and economy. The 
well-thought-out design guarantees safety, ease of 
maintenance and economy. The best design of each 
design considers safety, applicability and economy. 
The well-thought-out design guarantees safety, ease 
of maintenance and economy. Therefore, it is crit- 
ical and challenging to achieve a better structural 
design in seismic regions. This same apprehension 
and unexpectedness of when, where, and how an 
earthquake will occur add to the overall difficul- 
ties. The primary goal of this research is to inves- 
tigate the seismic behaviour of tall building struc- 
tures using TMDs (Khatibinia, Gholami, and Kam- 
gar). High-rise buildings have high wind loads and 
must be considered, especially new high-rise build- 
ings. Wind loads especially cause high-rise building 
vibrations, which can sometimes cause dizziness for 
building users. This situation is unacceptable. Engi- 
neers need to find ways to reduce building vibration. 
Structural vibration has two major adverse effects 
on the building structure. In addition to the classic 
measures to reduce vibration sensitivity, the mod- 
ern solution to control these vibrations is to equip 
buildings with special damping devices. Such spe- 
cial equipment may include customer-specific mass 
dampers individually designed for each type of vehi- 
cle. In addition to the theoretical knowledge of 
TMD and structural wind loads. The first result 
is long-term structural fatigue caused by periodic 
dynamic loads (Bekdas, Nigdeli, and Yang). It is 
generally known that fatigue is the primary cause of 
material failure in building constructions. In addi- 
tion, periodic loadings on building materials, such 
as metals, can cause fractures. The existence of 
a fracture compromises the structural integrity and 
may result in structural failure. Although the chance 
of collapse in modern building structures is meagre, 
fatigue causes structural stiffness to deteriorate. In 
addition, the structure will require maintenance or 
renovation to account for damage caused by struc- 
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tural vibrations, both of which will incur significant 
financial expenses. 

The main objective of this study is to guide 
the analysis and design of tall building structures, 
including tuned mass damper systems. Three types 
of buildings have been taken viz G+14, G+19, G+24 
installed with TMDs at various locations and ana- 
lyzed with different earthquake loads. SAP2000 is 
used for modelling and simulations (Computer and 
Structures). Furthermore, a mathematical study is 
conducted to reveal the sensitivity of the building’s 
dynamic response to the many parameters that char- 
acterize the TMD unit behaviour. The stiffness and 
damping of the dampers, the height distribution, dis- 
tribution of TMD, and the TMD unit’s mass are all 
investigated. 

The damping element has an important role in 
controlling the stroke of the TMD. Due to its rela- 
tively stable performance, the oil damper has often 
been adopted as the damping element in the TMDs 
for buildings. 

Nigdeli, et al. (Nigdeli and Bekdas) paper pro- 
poses optimum design of multiple positioned tuned 
mass dampers for structures constrained with axial 
force capacity. 

Liu, et al. (Liu, Wu, and Dona) In the proposed 
method, effectiveness of fluid-viscous dampers for 
improved seismic performance of inter-storey iso- 
lated buildings is explained. 

Chang, Chia-Ming, et al. (Chang, Shia, and Lai) 
studied originated from seismic design of passive 
tuned mass damper parameters using active control 
algorithm. 

Wang, Shiang-Jung, et al. (Wang et al.) investi- 
gates building mass damper design based on opti- 
mum dynamic response control approach 

Surendranath, et al. (Surendranath and Ramana) 
conducted recycled materials execution through dig- 
ital image processing. 

Meena, Ayush, et al. (Meena, Jethoo, and 
Ramana) studied impact of blast loading over rein- 
forced concrete without infill structure. 

Agnihotri, Anamika, et al. (Agnihotri, Jethoo, and 
Ramana) has studied the mechanical and durabil- 
ity properties were best at 45% GGBS and 5%. 
Waste Glass with 0.4 water/cement ratio. The recy- 
cled materials implemented for mix proportion were 
waste glass provided considerably to enhance its 
properties when added with GGBS. 
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Ramana, P.V., et al (Ramana et al.) investigate 
functioning of bi-material interface intended for 
polypropylene fibre concrete. 

Tanwar, Vinod, et al. (Tanwar et al.) studied the 
experimental investigation of mechanical properties 
and resistance to acid and sulphate attack of GGBS 
based concrete mixes with beverage glass waste as 
fine aggregate. 

Bisht, Kunal, et al. (Bisht, Kabeer, and Ramana) 
research on gainful utilization of waste glass for pro- 
duction of sulphuric acid resistance concrete 

Al-Fahdawi, Omar A.S., et al. (Al-Fahdawi, Bar- 
roso, and Soares) studied semi-active adaptive con- 
trol for enhancing the seismic performance of non- 
linear coupled buildings with smooth hysteretic 
behavior 

De Domenico, D., et al. (Domenico) the soil- 
dependent optimum design of a new passive vibra- 
tion control system combining seismic base isola- 
tion with tuned inerter damper is studied. 

Bagheri., et al. (Bagheri and Rahmani-Dabbagh) 
observed seismic response control with inelastic 
tuned mass dampers. 

Al-Kodmany., et al. (Al-Kodmany). the use of 
skyscrapers in the twenty-first century city: A global 
snapshot. 


2. Work on Soft Computation 


There are two significant adverse effects of struc- 
tural vibrations on building structures. The first 
result is long-term structural fatigue caused by peri- 
odic dynamic loads. It is generally known that 
fatigue is the primary cause of material failure in 
building constructions. Larger top floor displace- 
ment amplitudes, by coincidence, result in more 
stress on the structure. As a result, the rate of struc- 
tural member degradation will accelerate over time. 
The human perception of the generated motion is 
the second effect. Humans are compassionate to 
even the tiniest vibrations. People with acute senses 
may detect accelerations as little as 0.05g. Between 
0.1g and 0.25g, structural movements can impair a 
person’s ability to work and, in the long run, cause 
motion sickness. 

Different types of structures were analyzed using 
SAP2000 software. Table 1. shows the details of the 
structural dimension that has been used in the anal- 
ysis. A G+14, G+19, G+24 storey prototype build- 
ing with a uniform floor height of 3 meters. Rein- 
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forced concrete was designed. The Plan of Build- 
ing is shown in Figure 1. that has a 12 meters x 
12 meters floor plan. The unsymmetrical arrange- 
ment of TMDs is shown in Figure 2. and Symmet- 
rical arrangement of TMDs is illustrated in Figure 
3. with varying numbers and distribution devices to 
compare against a structure without TMDs. 

To show the behaviour of the Tuned Mass 
Damper, a time history analysis was done for the 
models with and without TMD. 


[te TT Tt 


Sila 


FIGURE 1. Plan of Building 





3. Computational Results and Discussion 


The comparison of modal characteristics and par- 
ticipating factors can evaluate the improvement in 
seismic response from prototype building mod- 
els to reference models with TMD equipment. 
TMD placement on the roof of the building uses 
SAP2000 to dynamically analyze ten different 
ground movements: 1940 El Centro, Northridge, 
Kobe, Chichi, Nepal, Loma Prieta, Hollister, Bhuj 
(India), Uttarkashi (India) and 1999 ( Turkey) as 
shown in the picture. Based on this analysis, the 
seismic response of interest includes: Analyzing 
the ground displacement and system acceleration in 
the X direction with and without TMD. The TMD 
is arranged symmetrically and asymmetrically and 
placed in each system. The objectives of this study 
can be summarized as follows: (a) Rebuild high-rise 
structures (MRF buildings) using TMD systems, (b) 
determine the impact of the earthquake caused by El 
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TABLE 1. Details of the Structural Dimension 


Dimension 
G+14 G+19 G+24 
Floors Col. Beam Floors Col. Beam Floors Col. Beam 
1-2-3 600x600 1-2-3 700x700 1-2-3 750x750 
4-5-6 550x550 4-5-6 650x650 4-5-6 700x700 
7-8-9 500x500 250x600 7-8-9 600x600 7-8-9 650x650 
10- 450x450 10-11- 550x55@50x600 10-11-12 600x600 
250x600 
11-12 12 
13- 400x400 13-14- 500x500 13-14-15 550x550 
14-15 15 
16-17- 450x450 16-17-18 500x500 
18 
19-20 400x400 19-20-21 450x450 
22-23-24- 400x400 
25 


A IE 


CASE A-1TMD CASE B- 2 TMDs 


ae BIE 


CASE C- 3 TMDs at corner CASE D- 3 TMDs 


FIGURE 2. 
TMDs 


Unsymmetrical Arrangement of 


Centro on the seismic behaviour of high-rise build- 
ings, (Cc) investigate the distribution of TMD in the 
plan And the influence in the model to get the best 
distribution in the model,(d) Use the TMD system 
as an alternative system to counter the lateral force 
of the earthquake. 

In the G+14 RCC building, maximum storey 
displacement occurs due to the El Centro earth- 
quake with 276 mm displacement. The most con- 
trolled behaviour show by the structure is with 4 


TMDs symmetrically placed (60% reduction). Sim- 
ilarly, the maximum reduction in the unsymmetrical 
arrangement is due to 3 TMDs (case D) with a 52% 
reduction. 

If TMDs are arranged symmetrically on the top 
floor, percentage displacement reduction increases 
as the number of TMDs increases, and the highest 
reduction were observed in case C and case D. As 
we compared the reductions in case of C and case 
D, their values are identical which shows that what- 


ee 


CASE A-1TMD CASE B-2 TMDs 


He ote 


CASE C- 4 TMDs inside CASE D- 4 TMDs 


FIGURE 3. S ymmetrical Arrangement of TMDs 
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ever be the location of 4 grouped TMDs whether it 
will be at the core columns or the outer columns the 
effect will be identical. 

Let us compare buildings with one case at a time: 

For G+14: 

Unsymmetrical Arrangement- 

For case, A much better results were shown when 
the Hollister earthquake was applied and similarly 
for cases B, C, D when the Kobe earthquake was 
applied as shown in Figure 4. where the displace- 
ment values are seen. 

Symmetrical Arrangement- 

Much higher reductions were observed for all the 
cases in the Hollister earthquake, with a 64% reduc- 
tion in case of A and a 75% reduction for case 
B in Figure 5. where the % reduction values are 
reflected. 

For G+19: We have observed maximum reduc- 
tion in Nepal earthquake for all the arrangements of 
TMDs with a 90% decrement in values. 

G+24: This building controlled well both in the 
unsymmetrical and symmetrical case when the Kobe 
earthquake hits. 

Another observation is that if we see the results 
of case A of both symmetrical & unsymmetrical 
distribution, we have observed that in G+14, the 
higher reduction was seen if TMD was placed at the 
centre of the frame & in G+19, G+24 the results 
were somewhat different which shows much less 
displacement in unsymmetrical case. Let us com- 
pare three stories viz. top, middle, the bottom storey 
of the same structure, we have observed that much 
less percentage reduction takes place at the bottom 
storey of the building. Take G+14 building with case 
4 of unsymmetrical: TMDs are arranged symmetri- 
cally and unsymmetrically and placed at the top of 
the building. First, the structure with TMD has the 
smallest amount of displacement compared to the 
structure without TMD. The Storey Displacements 
is presented well in Table 2. 


4. Arrangement 


Generally, this decrease is observed to increase with 
the increase in the amount of upper layer TMD, but 
compared with Case C-and Case D-TMD, the devi- 
ation is almost unchanged; they are asymmetrically 
placed in the G + 14 structure with the tubular frame 
The type of structure. It consists of a pipe with 
an outer frame, a shell with an internal riser, and 
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FIGURE 5. % Reduction Values 


a service core. It was carried out during the mod- 
elling and research period listed below: (i) The sup- 
port dimensions from the bottom to the top are vari- 
able (they become smaller) (refer Table 2. where 
the storey displacement is shown) (ii) the rigidity of 
the floor and the beam and the support structure in 
the horizontal plane A rigid screen is formed on the 
upper surface, (iii) the frame is modelled as a rigid 
frame (the connection between the radial beam and 
the core is fixed), (iv) assuming that all the boundary 
conditions have been modelled are fixed, (v) only 
the acceleration is increased addresses and are taken 
into account. But in G+19 & G+24 the maximum 
percentage reduction was observed in the case of 
D as compared to case C. The Displacement Val- 
ues of G+14 RCC: Symmetrical & Unsymmetrical 
Arrangement with and without TMD are shown in 
Figures 3. & 4. Displacement Values of G+19 RCC: 
Symmetrical & Unsymmetrical Arrangement with 
and without TMD is explained in Figures 5. & 6. 
& in Figures 7. & 8. Displacement Values of G+24 
RCC: Symmetrical & Unsymmetrical Arrangement 
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TABLE 2. Storey Displacements 


Displacement (mm) 


Storey w/o TMD w/TMD Reduction % 

TOP 99.8 25 2 
MIDDLE 35.45 19 46.4 
BOTTOM 4.81 3 37.6 


TABLE 3. Displacement Values of G+14 RCC: Symmetrical Arrangement w ith and without TMD 


S. Ear dieses With TMD 
No. TMD 1 Reduction 2 Reduction 4 Reduction4 Reduction 
(%) (%) (%) (%) 
1 Elcentro 275.90 194.70 29.43 154.00 44.18 110.30 60.02 110.30 60.02 
2 Northridge 187.50 120.00 36.00 94.32 49.70 61.15 67.39 61.20 67.36 
3 Kobe 152.10 68.23 55.14 48.65 68.01 33.90 77.71 33.85 77.74 
4 Chichi 99.80 50.99 48.91 35.04 64.89 21.62 78.34 21.62 78.34 
5 Nepal 50.30 32.50 35.39 28.20 43.94 20.17 59.90 20.15 59.94 
6 Loma 200.00 103.50 48.25 67.50 66.25 38.36 80.82 38.40 80.80 
Preita 

7 Hollister 82.14 29.03 64.66 20.04 75.60 14.60 82.23 14.63 82.19 
8 Bhuj 56.17 28.70 48.91 21.17 62.31 13.02 76.82 13.02 76.82 
9 Uttarkashi 21.69 15.52 28.45 11.90 45.14 8.15 62.43 8.15 62.43 
10 Kocaeli 218.90 95.73 56.27 71.15 67.50 50.80 76.79 50.81 76.79 


with and without TMD is illustrated. 


5 times faster, almost 4 times faster. The fre- 
quency when the TMD group is used in the model 
shows the wide frequency of the board of the model. 
Comparison of displacement vibration and shear 
force between models with and without TMD. Top 
Offset Vibration and Model Base Shear uses TMD; 
the picture is shown in a light colour. The upper pic- 
ture shows the effect of using 4 independent TMDs 


in the model to reduce the displacement of the shear 
wall model (SW). The picture shows the effect of 
using 4 separate TMDs for basic shearing in each 
model compared with the SW model; the effect on 
the underground shear shows that the two vibrations 
are the same. The above figure shows the effect of 
the TMD model in the first 4 groups (distributed on 
the ground plane) to reduce the displacement of the 
free model. The above figure shows the effect of 


TABLE 4. Displacement Values of G+14 RCC: Unsymmetrical Arrangement with and without TMD 


S. Ear diquake OO With TMD 
No. TMD 1 Reduction 2 Reduction 4 Reduction 4 Reduction 
(%) (%) (%) (%) 
1 Elcentro 275.90 211.70 23.27 154.10 44.15 132.10 52.12 132.20 52.08 
2 Northridge 187.50 122.10 34.88 94.33 49.69 76.80 59.04 76.87 59.00 
3 Kobe 152.10 108.30 28.80 39.15 74.26 30.77 79.77 30.77 79.77 
4 Chichi 99.80 60.70 39.18 35.04 64.89 28.16 71.78 28.17 71.77 
5 Nepal 50.30 35.16 30.10 28.20 43.94 2430 51.69 24.00 52.29 
6 Loma 200.00 130.00 35.00 67.50 66.25 52.60 73.70 52.50 73.15 
Preita 
7 Hollister 82.14 42.30 48.50 20.04 75.60 17.22 79.04 17.25 79.00 
8 Bhuj 56.17 32.20 42.67 25.00 55.49 19.00 66.17 19.14 65.92 
9  Uttarkashi 21.69 16.76 22.73 11.92 45.04 10.00 53.90 10.12 53.34 
10 Kocaeli 218.90 124.70 43.03 71.15 67.50 61.11 72.08 72.10 67.06 
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TABLE 5. Displacement Values of G+19 RCC: Symmetrical Arrangement with and without TMD 


— 
oS 


TABLE 6. Displacement Values of G+19 RCC: Unsymmetrical Arrangement with and without TMD 


\o co nv 


— 
oS 


TABLE 7. Displacement Values of G+24 RCC: Symmetrical Arrangement with and without TMD 


Without 

Earthquakes TMD 1 
Elcentro 269.50 152.40 
Northridge 181.50 99.40 
Kobe 182.40 44.10 
Chichi 97.80 40.30 
Nepal 209.80 86.10 
Loma Preita 174.80 74.07 
Hollister 54.72 22.62 
Bhuj 58.00 25.00 
Uttarkashi 20.81 12.57 
Kocaeli 200.70 74.93 


Without 
Earthquakes TMD 
Elcentro 505.60 
Northridge 347.50 
Kobe 315.00 
Chichi 110.00 
Nepal 130.50 
Loma Pre- 385.76 
ita 
Hollister 89.17 
Bhuj 30.73 
Uttarkashi 25.00 
Kocaeli 285.40 


; Without 
Earthquakes TMD 
Elcentro 108.80 
Northridge 63.48 
Kobe 32.20 
Chichi 23.92 
Nepal 16.35 
Loma 45.40 
Preita 
Hollister 14.17 
Bhuj 12.00 
Uttarkashi 9.73 
Kocaeli 50.67 


1 


59.63 
65.02 
82.35 
75.54 
92.21 
74.03 


74.10 
79.31 
53.24 
74.75 


With TMD 
1 Reduction 2 Reduction 4 Reduction4 Reduction 

(%) (%) (%) (%) 
359.70 28.86 305.8039.52 233.00 53.92 232.9053.94 
182.20 47.57 131.4062.19 93.67 73.04 93.79 73.01 
126.60 59.81 82.85 73.70 58.73 81.36 58.00 81.59 
53.76 51.13 43.50 60.45 27.00 75.45 27.50 75.00 
52.42 59.83 42.40 67.51 28.97 77.80 28.50 78.16 
132.20 65.73 98.70 74.41 90.76 76.47 90.77 76.47 
49.96 43.97 37.40 58.06 24.52 72.50 25.00 71.96 
23.70 22.88 15.78 48.65 8.44 72.53 845 72.50 
12.25 51.00 9.80 60.80 5.47 78.12 5.50 78.00 
187.70 34.23 143.2049.82 98.80 65.38 98.80 65.38 


Reduction 2 


(%) 
43.45 
45.23 
75.82 
58.79 
58.96 
57.63 
58.66 
56.90 
39.60 
62.67 


111.50 
67.60 
26.80 
25.61 
18.53 
44.00 
16.21 
14.94 

8.86 
53.93 


Reduction 2 


(%) 
111.90 58.48 
68.03 62.52 
26.85 85.28 
20.07 73.75 
18.50 91.18 
44.25 74.69 
16.30 = 70.21 
15.20. 73.79 
9.30 55.31 
54.08 73.05 


With TMD 
Reduction 4 


(%) 
111.20 
67.60 
27.43 
26.20 
18.93 
44.25 


16.47 
14.90 
8.68 
53.80 


58.74 
62.75 
84.96 
Taz 
90.98 
74.69 


69.90 
74.31 
58.28 
73.19 


With TMD 

Reduction 4 Reduction 4 

(%) (%) 

58.63 74.30 72.43 74.70 
62.75 37.66 79.25 37.75 
85.31 16.16 91.14 15.92 
73.81 14.69 84.98 14.67 
91.17 13.00 93.80 13.02 
74.83 22.06 87.38 22.42 
70.38 8.70 84.10 8.86 
74.24 8.00 86.21 8.80 
57.42 395 73.19 5.50 
T3AZ 33.09 83.51 32.90 


Reduction 4 


(%) 
75.40 
39.12 
17.10 
14.14 
12.84 
22.48 


8.97 

10.90 
5.00 
ia Ps) 


72,02 
78.45 
90.63 
85.54 
93.88 
87.14 


83.62 
81.21 
13.97 
83.43 


Reduction 


(%) 


72.28 
I9.20 
O1.27 
85.00 
93.79 
87.17 
83.81 
84.83 
Taf 
83.61 


Reduction 


(%) 
108.80 
63.48 
32.20 
23,92 
16.35 
45.40 


14.17 
12.00 
9:15 

50.67 
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TABLE 8. Displacement Values of G+24 RCC: Unsymmetrical Arrangement with and without TMD 


S. Ear figuakes no With TMD 
No. TMD 1 Reduction 2 Reduction 4 Reduction 4 Reduction 
(%) (%) (%) (%) 

1 Elcentro 505.60 315.00 37.70 305.00 39.68 300.00 40.66 236.00 53.32 

2 Northridge 347.50 130.80 62.36 131.40 62.19 132.60 61.84 92.50 73.38 

3 Kobe 315.00 84.64 73.13 82.80 73.71 83.97 73.34 52.30 83.40 

4 Chichi 110.00 29.72 72.98 38.37 65.12 40.70 63.00 25.73 76.61 

5 Nepal 130.50 44.11 66.20 40.82 68.72 42.10 67.74 29.39 77.48 

6 Loma Pre- 385.76 113.30 70.63 105.80 72.57 108.00 72.00 87.16 77.41 


ita 


Hollister 89.17 37.03 58.47 32.00 64.11 30.20 66.13 25.00 71.96 


Uttarkashi 25.00 17.70 29.20 16.20 35.20 16.00 36.00 12.60 49.60 


é 
8 Bhuj 30.73 22.30 27.43 21.12 31.27 20.00 34.92 15.00 51.19 
9 
1 


0 Kocaeli 285.40 137.80 51.72 143 


using the fourth group of TMD in the basic shear 
model compared with the free model; the effect 
on the foundation shear almost shows two kinds of 
vibration. The above figure shows the use of 4 x 20 
sets of TMD (distributed in the ground plane of the 
entire model) in the model to offset the ts of the SW 
model. The above figure shows the use of 4 x 20 
TMD sets in the shear-based model. Compared with 
the SW model, the effect on the basic shear shows 
that the vibration of the TMD group is reduced by 
nearly 2.5 times compared with the SW model. SW 
model. 


5. Conclusion 


The following conclusions were drawn from the 
soft computation. The use of MTMD substantially 
reduced the reaction of buildings, such as displace- 
ment. 3 Group TMDs, i.e., Case D, show the most 
controlled behaviour in unsymmetrical distribution. 
The most optimum distribution is 4 group TMDs, 
i.e., Case C and D of symmetrical arrangement are 
very efficient in mitigating the dynamic behaviour 
of structures. The results show that the use of TMD 
can significantly reduce the overall design response. 
One of the main findings of this study is that as 
the dynamic amplitude increases, the percentage 
of structural response decrease due to TMD also 
increases. 
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